The study aims to know the productivity of litter and litter decomposition rate in karst ecosystem. This study was conducted on three altitude of 200 meter above sea level (masl), 250 masl and 300 masl in karst ecosystem at Gunung Cibodas, Ciampea, Bogor. Litter productivity measurement performed using litter-trap method and litter-bag method was used to know the rate of decomposition. Litter productivity measurement results showed that the highest total of litter productivity measurement results was on altitude of 200 masl (90.452 tons/ha/year) and the lowest was on altitude of 300 masl (25.440 tons/ha/year). The litter productivity of leaves (81.425 ton/ha/year) showed the highest result than twigs (16.839 ton/ha/year), as well as flowers and fruits (27.839 ton/ha/year). The rate of decomposition was influenced by rainfall. The decomposition rate and the decrease of litter dry weight on altitude of 250 masl was faster than on the altitude of 200 masl and 300 masl. The dry weight was positively correlated to the rate of decomposition. The lower of dry weight would affect the rate of decomposition become slower. The average of litter C/N ratio were ranged from 28.024%--28.716% and categorized as moderate (>25). The finding indicate that the rate of decomposition in karst ecosystem at Gunung Cibodas was slow and based on C/N ratio of litter showed the mineralization process was also slow.
Karst ecosystem is a limestone consisting ecosystem which contains rainwater soluble calcium carbonate or calcite. Karst ecosystem has a unique and high potential resources that should be utilized in a sustainable manner for surrounding community, such as forest. Forests in karst region need to get protection because it is a resource that has a cultural, ecological and high economic value.
Litter is an important component in forest ecosystem. The amount and concentration of nutrients that was contained by litter is an energy sources of the nutrient cycle [1] . Litter transferred the nutrients and energy of vegetation into soil that is a major process in biogeochemical cycles [2] . Litter decomposition is the main path to supply the organic and inorganic materials in the process of recycling the soil nutrients and return nutrients to ecosystem. Kang et al. (1999) [3] also stated that the litter can help to supply the needs of nitrogen (N) element and it can reduce N fertilizer on the agricultural land.
Types of ecosystem, quantity, and quality of litter will affect the decomposition process [4] . The quality of litter which can be affected the decomposition process i.e. size of litter, C/N ratio, and chemical composition [5] . The research on litter decomposition rate of Acacia crassicarpa showed that the C/N ratio can be used as an indicator of litter decomposition because decomposition of organic materials will reduce the C/N ratio of litter [6] . It indicated that the content of organic C in litter will be lower because it will be used by microbes as an energy sources. While, the N content in the materials will increase. It means that the mineralization process was continued. The decomposition is important in forest ecosystem because it can reduce the accumulation of litter on the soil and maintain the soil INTRODUCTION *Corresponding author: Sethyo Vieni Sari Study Program of Plant Biology, Graduate School of Bogor Agricultural University, Bogor 16680, Indonesia E-mail: phieyhenne@gmail.com fertility that was always decreased by the absorption of nutrients by plants [7] .
It is important to study in detail about the determination of relationship between soil and vegetation in an ecosystem, such as composting of organic materials. The previous study in karst region at Gunung Cibodas only about ecology of vegetation and ethnobotany [8] , the species composition and structure of vegetation [9] , the diversity of flora [10] , and the dynamics of plant chlorophyll content and LAI of Prunus avium [11] . The rate of litter decomposition in karst ecosystem at Gunung Cibodas has been unexplored. The study of litter decomposition in the karst region is very important because litter is the source of nutrients to the ecosystem. This study aims to determine the productivity of litter and the rate of litter decomposition that occurs in karst ecosystem at Gunung Cibodas.
Productivity of litter
Productivity measurement of litter used litter-trap method Brown 1984 [12] . The total of 15 litter-traps were placed on each altitude in meter above sea level (masl) i.e. 200 masl, 250 masl and 300 masl with a size of 1 m × 1m under trees and 50 cm height above the ground. Litter was transported to the laboratory and dried at 70 °C until its weight was constant.
Decomposition of litter
The measurement of litter decomposition used litttter-bag method. Samples were collected using a littertrap (litter container tool method) in order not touched the ground Brown 1984 [12] . Litter was deposited at the laboratory and dried at 70 °C until its weight was constant [13] . A total of 20 g dried litter was put into a litter-bag with a size of 30 cm × 20 cm. Every week three litter-bags was taken from every altitude and brought to the laboratory, then it was dried at 70 °C and analysis of carbon (C) and nitrogen (N) content of dried litter was done in Soil Laboratory at Center of Agricultural Resources, Soil Research Institute, Bogor.
Data analysis
Weight reduction was obtained by formula:
(1) W0 : initial dry weight of litter Wt : final dry weight of litter (g) per time period t W : weight loss Litter decomposition rate was calculated using the formula: Litter productivity Each altitude had a high productivity of leaves litter then followed by twigs, flowers and fruits. The leaves litter was the largest category followed by twigs, flowers and fruits. The largest category of leaves litter was caused by the shape of the leaves was wide and thin so it was easily fall by wind and rain or due to the physiological properties of leaves [14] . The highest amount of leaves litter productivity was affected by two major factor i.e. the age of leaves itself and mechanical factors. Leaves will naturally fall when it reached a certain age. It could be affected by wind speed and rainfall. The litttter productivity fluctuated with rainfall, the high intensity of rainfall would affect the litter productivity become higher [15] .
An altitude of 200 masl had the highest productivity of litter compared with an altitude of 250 masl and 300 masl. One of the factors that influenced it i.e. the density of trees. The density on an altitude of 200 masl was 25.600 ind/ha higher than on an altitude of 250 masl (11.000 ind/ha), and 300 masl (11520 ind/ha). The research on production and litter decomposition rate of oil plantation and forest at Serolangun, Jambi also stated that density of trees was one of factor that influenced the litter productivity [16] . Litter productivity decreased due to lower of tree density. Productivity of litter is important to be explored in relation with the transport of energy and nutrients in forest ecosystem. The supply of nutrients derived from the leaves, twigs, fruits, and flowers by release some minerals through the decomposition process [17] . The transfer of organic material in vegetation through a decomposition process was determined by the amount and quality of the litter [18] . The fast-decomposed of litter play an important role to improve nutrient cycle in soil.
Rate of decomposition
The decrease of litter dry weight was faster on an altitude of 250 masl than on an altitude of 200 masl and 300 masl ( Figure 2 ). Litter dry weight was positively correlated with the rate of decomposition. The correlation between the two variables were very strong and significantly different/significant. The lower of dry weight would affect the rate of decomposition become slower. The dry weight was a parameter to see the in- crease of biomass, without being affected by the fluctuations in water levels which can affect the total weight. The result of this research showed that the dry weight of litter declined every weeks until 9th week of observation. The changes of litter weight per unit time was caused by the decomposition process, soil microorganisms utilized the carbon compounds in litter as energy source and released as CO2 [6] . Litter decomposition rate was higher in the early stages of decomposition process at the altitude of 250 masl. The decrease of litttter weight was common very fast in the first weeks of observation [19] . The process of decomposition was influenced by time. The longer period of decomposition, the higher percentage of loss of litter weight. The rate constant of decomposition can be an indicator of the nutrients return in terrestrial ecosystems [20] .
The estimation of the decomposition rate constant value on each of altitudes were 0.044 (200 masl), 0.049 (250 masl), and 0.032 (300 masl) ( Table 1 ). The value of constant coefficient was classified as high (k>2), moderate (k=1-2), and low (k <1) [19] . The constant value of decomposition rate indicated that the rate of decomposition in karst ecosystem at Gunung Cibodas, Ciampea, Bogor was low. The coefficient constant value of decomposition rate in the karst ecosystem at Gunung Cibodas was lower than the African tropical forests which had a constant value i.e. 4 [21] . The rate of litter decomposition on an altitude of 250 masl was faster than on an altitude of 200 masl and 300 masl 2.72 ± 0.69 0.29 ± 0.06 9.42 ± 1.74 ( Figure 3 ). This could be influenced by the dry weight of litter was fast-reduced on an altitude of 250 masl and it showed that the rate of litter decomposition was in line with the reduction of dry weight that were also fast on an altitude of 250 masl. The C/N ratio <25 was categorised as high quality of litter. The content of C/N ratio in litter affected the decomposition rate. C/N ratio is an excellent indicator to determine the rate of decomposition [22] . The litter with C/N ratio of <20 is categorized as a high-quality litter, the litter with C/N ratio of 20-40 is categorized as moderate quality, and the litter with C/N ratio >40 is categorized as low quality. The advanced decomposition of organic matter was characterized by the low of C/N ratio, while the high contents of C/N ratio indicated that the decomposition process was not advanced or it just starting.
The average of litter C/N ratio on every altitudes were 28.716 (200 masl), 28.162 (250 masl), and 28.024 (300 masl) ( Table 2 ). The C/N ratio of litter in karst ecosystem at Gunung Cibodas were >25 that indicated that the process of decomposition were categorized as moderate. The research on the influence and dosage of litter on soil nitrification was also found that the ratio of C/N >25 and categorized as moderate. The result indicated that the element was slowly available to fulfill the nutrients of plants [23] .
The litter quality can affected the formation of soil organic matter [24] . The reduced value of C/N indicated that the content of organic carbon in litter had been used as energy source by microorganisms, whereas the content of nitrogen will increase which means the mineralization process run continuously. The C/N ratio is a good indicator for quality of organic material of plants, as a source of nutrients and energy for soil macrofauna. The decomposition process was slowed down, as the organic materials was decomposed that caused the decrease of C/N ratio in litter. The lower of C/N ratio value would affect the quality of litttter become better [25] .
The average of soil C/N ratio on every altitudes were 9.314 (200 masl), 8.947 (250 masl), and 9.417 (300 masl) ( Table 2 ). The C/N ratio was used as an ease index of decomposed organic materials and as an indicator of biological activity. Higher the ratio in litttter, the lower quality of litter itself, so it is difficult to decompose. The C/N ratio <25 indicates that nitrogen was mineralized and it caused the death of micro-organisms, so the decomposition into other simple elements. The C/N ratio indicated that the mineralization-immobilization of nitrogen by decomposers of or-ganic material. The content of C/N in the litter used as nutrients for microorganisms that play a role in degrading organic matter into inorganic compound substrate. The C/N ratio of soil is also influenced by rainfall, temperature, decomposers, and C/N ratio of plants above [26] .
The total of litter productivity on an altitude of 200 masl was higher than at altitude of 250 masl and 300 masl. One of factor that affected the litter productivity was the density of plant. The decomposition rate in karst ecosystem at Gunung Cibodas was slow and based on C/N ratio of litter was classified as moderate that indicated the slow of mineralization process.
